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Fingerprint* arc finding increasing application in commercial 
authentication. A number of technologies have been applied to 
fingerprint acquisition including optical, thermal, pressure, 
ultrasonic and capacitive imaging |1, 2. 3|. Low power, low cost, 
small size and solid-state intimation make capacitive sensing 
attractive fur portable/desktop applications. A recently-reported 
single-chip capacitive fingerprint sensor uses standard digital 
CMOS processing |4). That work focuses on sensor circuit 
de>ign nnd does nut address issues that arise when operating 
an exposed silicon die as a human contact sensor. 

This high-resolution, low-power direct-contact capacitive sen- 
sor using standard CMOS front -end processing exhibits high 
sensitivity while maintaining an effective barrier to chemical, 
physical and electrostatic intrusion. The sensor uses direct 
finger contact with the surface of the sensor IC to capture a 
capacitive fingerprint image. The sensor consists of a 2-D array 
of metal plates capped with a thin dielectric layer. Unlike 
previous designs, each sensing site uses one metal sensor plate 
Fach functions as capacitor bottom plate, with the finger 
surface acting as the 'grounded top plate. Distance between the 
finger and the sensor and hence the measured capacitance 
varies with the pattern of ridges and valleys in the fingerprint. 
The capacitance i? "measured" as the change in voltage that 
results when a fixed charge i> removed from each sensing plate. 

Figure 1 shows an individual sensing cell with associated 
column readout circuit. At the beginning of a sensing cycle, each 
sensor plate is activated using row enable signals RE and RAD 
and precharged using PRE. Voltage on the sensor node is 
buffered by source follow tr. T,. and gated onto a column data 
bus. CO!., by row select signal RAO. Preehargo voltage, V A , is 
stored on capacitor (\b\ pulsing SUA Once PKK is released a 
current source. I v drains charge from the plate for a fixed time 
interval. Change in voltage on the plate is inversely proportional 
to the capacitance that, in turn, is approximately inversely 
pnipoitional to the distance of the finger from the surface of the 
chip This new voltage. V,.. is stored on capacitor C„ by pulsing 
SI IH Sensor row access timing is shown in Figure 2* Subse- 
quent circuitry subtracts V from \\ to remove pattern noise 
caused by variations in the threshold voltage of transistors T, 
and T. and produce an output approximately proportional to the 
distance of the linger from I lie chip. This simple single-plate 
structure with minimal acme circuitry leads to high resolution 
with high elerlrical reliability and yield over a large die area. 

Chi tier of dielectric material and thickness iscritical in thedesignof 
a sensor which must exhibit high sensitivity ami yet be resistant to 
chemical con taminat ion. eltH'troslatic discharge and physical scratch- 
i ng of t he s urface.Of part ieu lar importance are the dielectric layers 
immediately al Kiwaud Mow the sensor plate asshown in Figure3. , nie 
image sensitivity/contrast is proportional to the ratio C/C p 
where C f is the capacitance measured when the finger is in 
contact with the chip surface i ridge capacitance ) and C p is the 
parasitic capacitance associated with each sensor plate. Altering 
thickness, dielectric constant, and composition of these two 
dielectrics achieves high, mechanical siren rib and a chemical 
barrier while maintaining a high C/C ratio. This leads to high- 



P-b. 4<^g 

contrast images and easier operation at low voltage/low power. 
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The top dielectric. Dl, is a 5000A layer of high-density silicon 
nitride, a mechanically strong material with a dielectric con- 
stant > 7 ond a mechanical hardness >3O00kg/mnr. Silicon 
nitride also provides a barrier to the entry of water, skin oil and 
chloride tons. The lower dielectric. D2, is a lpm layer of P-glass 
with dielectric constant <3.5 that provides a significant chemical 
barrier to alkali tons. The combination of these two materials 
in conjunction with existing front-end process dielectrics gives 
a C/C p ratio of >10. This combination of dielectric materials is 
tested by placing samples in boiling NaC'l solution for one hour 
with no surface corrosion detected. Alkali ion retardation has 
been similarly verified at 200 "C with concentrations >10 l Vcni ? . 

Electrostatic discharge (ESD« protection is provided by a num- 
ber of techniques. First, diodes, associated with the RE gated 
switch, connect to each sensing node. In conjunction with a 
resistive path from the sensor plate to the switch, these diodes 
provide limited over-voltage path to VSS or VOL). Second, each 
sensor plate is surrounded by a grid of top layer metal routing 
connected to VSS. In operation, additional external techniques 
may be employed to ensure that the finger is properly dis- 
charged before contact with the sensor surface. 

A sercwarray of300x300elements has been fabricated usinga standard 
digital 0.5pm CMOS process with modified final dielectric layers as 
described previously. A block diagram of the chip is shown in Figure 4. 
Sensor elements are 50x50um with over 60'; of the sensor area 
devoted to the sensing plate The array occupies 15x15mm- 
yielding a 500dpi image. An external lpA reference current 
biases the sensor current sources. A row/column hierarchy of 
current mirrors distributes tins current reference to improve 
tolerance to isolated manufacturing faults. Sensor integration 
time is around Ips. Row read-out can be completed in 50us. 
Complete images can be* read up to GOFrames/s. Standby power 
dissipation twhen no finger is touching the chip* at 1.8V i* 
HOpW. Active power dissipation nvhen a finger is present) is 
250pW at 60Frames/s. This can be reduced by reducing the 
imaging frame rate. This compares to GOOuW iat 10Frames/si 
of previous capacitive sen>ors and the dissipated by 

commercial optical system- |4 Performance is summarized in 
Figure 5. A die micrograph i- shown in Figure 7. 

A fingerprint image captured by the device is shown ui Figure 
6. Tests with commercial fingerprint recognition software yield 
false accept ratios of <Vi nver a large standard fingerprint 
database. This compares favorably with results obtained from 
the same software using commercial optical sensors Much of 
the pattern nuise evident in Figure (J is ignored by the recogni- 
tion software. Similarly, the Miftwarv works well in the pres- 
ence of isolated non-functioning pixels A non-functioning row 
or column does not significantly affect recognition accuracy 
This allows high effective yields even with chip area >200mm-\ 
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Figure 2: Sensor row access timing. 
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Figu re 3: Sensor dielectric design. 
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500dpi Direct Contact Fingerprint Sensor 

Die Sue - 16.5mm X 15 5mm 

Technology - 0.5pm. 3.1V. 3LM Digital CMOS 

Sensor pilch - 50pm X 50pm 

Array size - 300 X 300 sensors 

Device count - 582K transistors 

Resolution - 500dpi 

Power - 250uW @ 1.8V and oOlrnVs. 

Figure 5; Chip performance summary. 




Figure 6: Unprocessed fingerprint image. 




Figure 7: Die micrograph. 



Figure-4: Chipblock diagram. 
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